
Research Article Vol. 14, No. 7 / 1 Jul 2023 / Biomedical Optics Express 3584

In-vitro quantitative measurement and analysis
of the photosensitivity of cells to a weak pulse
laser
LAN TIAN,1 MING ZENG,1 GENG TIAN,2 AND JINGJING XU1,*

1School of Microelectronics, Shandong University, Jinan 250100, Shandong, China
2School of Life Sciences, Shandong University, Qingdao 266237, Shandong, China
*xujj@sdu.edu.cn

Abstract: Light can trigger electrical activity in certain types of cells, and is considered to
be a better means of biological regulation than electrical stimulation in the future. Due to the
specificity and selectivity of natural cells’ photoresponse to optical signals, constructing an
applicable method to explore which kinds of cells have photosensitivity and which bands of
light could induce its photoresponse most effectively, is of great significance for lights’ medical
applications. This paper firstly proposed a universal and operable system and corresponding
method to quantitatively measure and analyze photosensitivity of cells in vitro to weak pulse
laser, which is constructed with Ca2+ imaging module, adjustable laser lights module and laser
positioning module. With the measurement system and method, the photosensitive effects of the
natural spiral ganglion cells (SGCs) of mice are tested systemantically. Then a new photoresponse
band of light (453 nm, 300 µs) is found for SGCs, and its minimum threshold is measured as
5.3 mJ/cm2. The results verify that the proposed method is applicable to screen the cells with
photosensitive response, as well as to measure and analyze the working optical parameters, thus
is beneficial for the optical biophysics and photobiology.

© 2023 Optica Publishing Group under the terms of the Optica Open Access Publishing Agreement

1. Introduction

Recently, light has been considered to be a more precise stimulation method to replace electrical
stimulation in terms of reconstructing and regulating nerve conduction [1,2], due to its unique
advantages in regulating neural activity, such as the non-contact interactions [3,4] and the
excellent spatial selectivity [5–7], which enable the stimuli optical signals to be concentrated into
micron-scale light spots [8,9]. The study of light-regulated neural activity has gradually become
a research hotspot [10–12].

The physiological basis of light-controlled neural regulation technology is that some kinds
of natural biological cells have photosensitivity. Studies have found that the activities of cells
in the nature can be regulated by time-accurate, fast-changing, and non-invasive optical signals
[5]. One mechanism originates from the photosensitive proteins having ability to rapidly
form photocurrent and cause a depolarizing electrophysiological reaction in cells, which is
the foundation of optogenetics [13]. Besides, when light acts on certain types of natural cells
without photosensitive proteins, multiple indistinguishable photoresponses, such as photothermal,
optomechanical, and photochemical effects, play roles to induce electrical impulses and/or other
biochemical reactions like calcium activities [14–16].

Especially, the light-regulation study on auditory nerves, has been well studied [17,18].
Richter’s team in Northwestern University confirmed the potential of infrared light stimulation
in modulating auditory nerve activity [4,19,20], and our research group obtained the auditory
brainstem responses (ABRs) when stimulate the cochlea of deaf animals using light with a
pulse width of 20-200 µs at 980 nm and 810 nm [21,22]. In fact, the wavelength, energy density,
pulse width and repetition (frequency) used on the natural spiral ganglion cells (SGCs) of
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mice in different experimental conditions are quite different [2,18,23]. One possible reason is
that the experimental conditions are usually different in different studies. Besides, studies on
light-stimulated natural auditory nerves are mostly carried out in vivo, in which light-induced
neural activities result from the complex effects between light and multi-tissues like auditory
nerve cells, other cells and surrounding internal environment [14]. Above all, the characteristics
of photosensitivity are dependent on the parameters of optical signals due to the specificity
and selectivity of cell photosensitivity to the stimulus. However, there is no widely applicable
calibration or measurement method to analyze and detect whether a target cell has a photosensitive
effect, or which bands of light could induce its photoresponse most effectively. Existing methods
are limited to the expression verification of photosensitive structures or components, and do not
have quick searching or screening abilities.

With the continuous in-depth research of cell photosensitive effects and optogenetics, a
multi-spectral and highly operable measurement method for a cellular specific photosensitive
effect is urgently needed to accelerate studies on the discovery of specific photosensitive effects
of natural cells and the monitoring of the working status of a photosensitive effect in optogenetics,
which is also of great significance for the development of photoregulation technology.

Here, we propose a real-time and calcium imaging-based measurement system and method,
to explore in vitro which kinds of cells have photosensitivity and which bands of light could
induce the photoresponse most effectively. It is applicable to any natural cells, no longer limited
to transgenic cells. And any bands (visible and invisible) of optical signals potential to induce
cellular photosensitivity effects can be explored. As a result, it is a universal and highly operable
system/method, and can implement quantitative and positioning analysis on the photosensitivity
of target cells. With the method, the response characteristics of mouse SGCs under the irradiation
with different wavelengths were explored and a new photoresponse band is found for them.

2. Materials and methods

2.1. Preconditioning of mouse SGCs

20 mice (C57/BL, 7 days old, male or female) from Jinan Pengyue Laboratory Animal Breeding
Co. Ltd. were selected and decapitated. Then, the SGCs in the cochlear shaft were taken out
under a dissecting microscope, digested and separated, and placed in a Petri dish with cell slides
for in vitro culture in DMEM-F12 medium for 24 h. The temperature was controlled at 37 °C
in the gas environment with 95% air and 5% CO2. When changing medium, the dishes were
rinsed twice with Hank’s balanced salt solution (HBSS), which contains a large amount of Ca2+

and can maintain cell viability for a short time. Before the experiment, specific fluorescent
indicator, Fura-2, which characteristically labels intracellular Ca2+, was added in the dishes
to incubate the SGCs for 30-60 min. This study and included experimental procedures were
approved by the Institutional Animal Care and Use Committee of Shandong University (approval
No. KYLL-2022(ZM)-748). All animal housing and experiments were conducted in strict
accordance with the institutional guidelines for care and use of laboratory animals.

2.2. Calcium imaging

Calcium imaging is used here to determine the photoresponse of target cells under different
parametric light stimuli, because changes of calcium ion concentration is an important event
of neural activity [16,24,25]. Calcium imaging uses a calcium indicator to label intracellular
calcium ions and reflects changes in intracellular calcium ion concentration through fluorescence
imaging.

In this study, Fura-2, a kind of chemical calcium indicator that can specifically bind to
intracellular free calcium ions, was used as the fluorescent indicator for calcium imaging
experiments. It exists in the form with acetoxymethyl ester (Fura-2-AM) outside the cell, which
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enhances its lipid solubility and facilitates entry into the cell through the membrane. It is
hydrolyzed into Fura-2 by esterase in cells, which can be directly combined with free calcium ions.
The excitation wavelength is 340 nm for combined Fura-2 and 380 nm for free Fura-2, and their
emission spectrum peaks are both around 510 nm. By calculating the ratio of the fluorescence
intensities at the two excitation wavelengths, that is, F340/F380, the ratio of calcium-bound
Fura-2 to free Fura-2 can be determined, and then the free calcium ion concentration can be
calculated using the Eq. (1) proposed by Grynkiewicz [26]:

[Ca2+]i = Kd × β × (R − Rmin) / (Rmax − R) (1)

where Kd is the equilibrium dissociation constant in the combination process of Fura-2 and
calcium ions, and closely related to temperature, pH value, ion concentration, etc. Its value
is 224 here, because the experimental temperature was maintained at 37 °C. β is the ratio of
fluorescence intensities at zero calcium and saturated calcium inside cell at 380 nm. R is the
ratio of fluorescence intensities at the two excitation wavelengths of 340 nm and 380 nm, that is,
F340/F380. Rmin is the ratio of F340/F380 at zero calcium; and Rmax is the ratio of F340/F380 at
saturated calcium. In general, the value of Rmax/Rmin is between 13 and 25.

The excitation light source of fluorescence probe adopts the ultra-high-speed wavelength
switching device (American SUTTER Lambda DG-4/DG-5 Plus series) whose wavelength range
is 330-700 nm, and the wavelength switching speed can reach 1.2 ms during excitation. In the
experiment, 2 ms was set up as the wavelength switching speed. Fluorescent calcium imaging of
target cells was acquired by a CCD camera (Roper Cool SNAP Color 5 M, USA). In the process
of CCD imaging, the higher the pixel resolution, the lower the image frame rate. Balancing the
imaging resolution and the change speed of calcium ion concentration, the imaging speed of 2-5
s was adopted.

2.3. Adjustable pulsed laser system

In order to meet the requirements of adjusting wavelength, pulse width, energy density and other
parameters of the test light in light-regulation neural activity, we have developed a light source for
test lasers, as shown in Fig. 1. The light source system mainly includes array data controller based
on Field Programmable Gate Array (FPGA), laser modulation and driver units, fiber-coupled
semiconductor lasers, fiber array and other modules. The parameters of the optical pulse signal
can be set by buttons or knobs on the control panel, and converted by FPGA into corresponding
digital signals to control digital-to-analog converters (DACs) and laser driver unit, to realize
real-time programmable control on laser parameters. The pulse width of optical signal can be
adjusted from continuous light to 10 µs, and the pulse repetition rate can reach 10 KHz. The
pulse energy of a single optical signal can range from 0 to 3.6 mJ, whose adjustment accuracy can
reach 1 µJ/div because of the application of high-precision DAC. The energy density described
here refers to the optical energy density in the plane of the cells. The calculation formula is as
followings:

Sarea = π × (d × tan sin−1NA)2 (2)

where Sarea is the area of the circular light spot containing many cells on the Petri dish irradiated
by the laser, NA is the numerical aperture of the optical fiber, and d is the average distance
between the optical fiber outlet and the irradiated cell surface.

Two lasers with different wavelengths were used in the experiment (810nm: K808DB2RN,
BWT Beijing, LTD, China, 453nm: RL455F105-4W, Radium Laser Beijing, China). The
adjustable pulsed laser system can be expanded to several or more than a dozen wavelengths
according to the experimental requirements. The optical signal in different wavelengths is driven
by the unified electronic control module, as detailed in the patent (CN202210789664.5 [27]).
The optical signals are drawn from the flange port through the optical fiber. In the experiment,
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Fig. 1. Parameters adjustable light source system for pulsed lasers.

the location of the optical fiber output remains unchanged, and the optical signals in different
wavelengths can be switched freely through the flange port.

2.4. Setup of the photoresponse screening and detecting systems

We have constructed a quantitative screening system for light parameters of stimulus in photore-
sponse effect of target cells based on calcium imaging. It can dynamically detect the changes of
intracellular calcium ion concentration for a large amount of cells, when they are irradiated by
lights with different parameters at a reasonable range.

In order to obtain the comparability of measurement results under certain variable, the optical
path and other parameters of the system should be kept constant during the measurements.
The optical path system shown in Fig. 2. Three different light sources need to be used, one
provides test light with adjustable parameters targeted to cells (λt), another provides excitation
light for fluorescent dyes (λe), and the other is the illumination light of microscope (λm). In
test-light stimulus experiments, the target cells are irradiated by the test light (λt) with adjustable
parameters, which is emitted by a programmable pulsed laser generator and conducted through
optical fiber. The resulting intracellular calcium ion concentration change can be detected by
the intensity change of the fluorescence (λf ), which is excited by excitation light (λe) of the
fluorescent probe. The microscope illumination light (λm) irradiates the target cells, then passes
through the dichroic mirror and reaches the eyepiece. During calcium imaging under tested
light-stimulation, the microscope illumination light was turned off. The filters, dichroic mirror
and lens are used to select light wavelengths and correct optical paths.

Different fluorescent probes have different excitation light and emission light (i.e., fluorescence)
wavelengths. To ensure that the imaging results of changes of calcium ion concentration are not
interfered by the test light, it must satisfy the interval of more than 10 nm for the wavelength
bands of the test light and the excitation and emission lights of the fluorescent probe. In order to
separate the light bands in the measurement experiment, a filter set (Chroma, 79001-ET-Fura
2) was used, in which filters in excitation path were ET340x and ET380x, and filters along the
fluorescence imaging path were ET510/80 m and ET400lp. The spectrum of the filters and that of
the test light are shown in Fig. 3. The area marked in orange in the upper of Fig. 3 is the optional
wavelength range of test lights, because the light in this wavelength range can be filtered out by
the fluorescence imaging filter set. Here, we choose a blue light (453 nm) and an infrared light
(810 nm) as the test lights. It can be seen from the lower part of the diagram that the fluorescence
imaging filters can filter out these two kinds of lights
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Fig. 2. Schematic diagram of the optical path in the detecting system.

Fig. 3. The optical band of the detection system and the detection results. The spectrum of
the filter set and that of the available test lights.



Research Article Vol. 14, No. 7 / 1 Jul 2023 / Biomedical Optics Express 3589

2.5. Data analysis

The measured calcium ion concentration data are divided into two categories, one is the
intracellular calcium ion concentration in the resting state, and the other is the intracellular
calcium ion concentration at irradiation state, i.e., after light stimulation. The calculation formula
is as follows:

ρm =
(ρ1 + · · · + ρn)

n
(3)

where ρm represents the average value of the fluorescence intensity ratio of F340/F380 in the two
states, n represents the number of cells, and ρn represents F340/F380 fluorescence intensity ratio
of the nth cell.

The tested cells come from the same batch of cultured cells from the same mouse in vitro.
The distribution of their intracellular calcium ion concentration is assumed normal. As a result,
one-way analysis of variance (ANOVA) was used to analyze the difference of intracellular calcium
ion concentration at resting state and irradiation state. If there is significant difference, it means
the target cells have photoresponse property. When the one-way ANOVA result in p< 0.05, it is
believed that there is a significant difference, and the target cells can respond to test light; when
p> 0.05, we believe that there is no distinguishable difference, and the test light cannot elicit
photoresponse on the target cells.

3. Results

3.1. Process of the photoresponse detection on nerve cells in vitro

The process for detecting light regulation on nerve cells in vitro proposed in this paper can be
divided into the following steps, as shown in Fig. 4. First, the target cells stripped from the mice
are cultured and stained in vitro. The experimental temperature was maintained at 37 °C to mimic
the animal’s internal environment. Then calcium imaging is performed, and the corresponding
Ca2+ concentration change curves are collected when target cells are stimulated by test lights
with different parameters. Finally, data analysis is performed. In the following, the structure of
the detection system and the steps of the detection method are described in detail.

Put the slide with stained and incubated cells into a small dish on the operation table of the
calcium imager, and observe the position of the cells and the optical fiber (fiber diameter of
100 µm, NA= 0.22) through the optical microscope (Nikon Eclipse Ti series, Japan). The Field
Number (FN) of the microscope system is 22 mm. The objective lens (Nikon CFI Plan Fluor
40X, Japan) of the microscope system was used in the experiments, and its NA is 0.75. The
optical fiber port is fixed at a position 1 mm (light spot area is 0.159 mm2) above the slide by a
three-dimensional positioning device. Then, turn off the microscope illumination light, turn on
the Fura-2 excitation light, and select cells with complete morphology and appropriate location
(closer to the center of light spots) in the fluorescently labeled cell images for subsequent testing
experiments. In the cytofluorescence image, the labeled target cells to be tested are shown in
Fig. 5(a).

After selecting the target cell, take the light with 453 nm wavelength as an example, set and
turn on the laser to irradiate the target cell. The system starts to collect the fluorescence intensity
(510 nm) of the fluorescent probe Fura-2 in target cells under the dual-wavelength excitation
lasers (340 nm and 380 nm).

Since microsecond-level pulse-width light is usually used in the study of light-induced auditory
nerve activity, in the experiment, the pulse width of the selected test lights is all 300 µs.
When the SGCs are irradiated with a singular light pulse of 453 nm, the intracellular calcium
concentration (InCC) of the part SGCs appeared a significant increase as the light intensity
gradually increased from zero, as shown in Fig. 5(b). The measurement results show that the
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Fig. 4. Flow chart of the method for detecting photoresponse of SGCs in vitro.

Fig. 5. The target cells and their change curves of intracellular calcium concentration
(InCC) under the irritation of 453 nm laser. (a) The target cells labeled by cytofluorescence
imaging, (b) The change curve of InCC under 453 nm laser stimulation.
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light intensity corresponding to the first significant increase of calcium ions is about 8.4 µJ/pulse,
that is, the light intensity threshold of 453 nm for SGCs is 5.3 mJ/cm2.

3.2. Different photoresponse of SGCs stimulated by 453 nm and 810 nm lights

The statistical results of calcium concentration changes in SGCs (n= 25) in Fig. 5(b) are shown
in Fig. 6. In the absence of stimulation lights, the InCC change of SGCs is shown in Fig. 6(a)
(time= 0 ∼ 45 s). During this time, the fluorescence intensity ratio of F340/F380, that is, the
calcium concentration, is low, in which SGCs can be seen at a resting state. When the light
intensity exceeds above 8.4 µJ/pulse (5.3 mJ/cm2), and is successively adjusted to 60.9 µJ/pulse
(38.3 mJ/cm2), 115.2 µJ/pulse (72.4 mJ/cm2), 170.4 µJ/pulse (107.1 mJ/cm2), the calcium
concentrations of the SGCs all rise and then fall back. Meanwhile, the baseline of the InCC shows
a gradual upward trend. The statistical result of significant difference by ANOVA is p< 0.001.

Fig. 6. Changes of ∆Ca2+ (F340/F380) under the stimulation of test lights. (a) The change
curve of F340/F380 when SGCs are irradiated by single-pulse lights (453 nm, 300us) with
5.3 mJ/cm2, 38.3 mJ/cm2, 72.4 mJ/cm2, and 107.1 mJ/cm2 in turn. The red bars represent
the onset time of each single light stimulus, before which there is no test light irradiation. (b)
The change curve of F340/F380 when SGCs are stimulated by 453 nm, 810 nm, and 453 nm
pulsed lights in turn. Calcium imaging speed is 2-5 s and excitation light switching speed is
2 ms. The light-blue area is the error value distribution range of the corresponding curve.
(Data are represented as mean±SEM)
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When stimulated by 453 nm, 810 nm, and 453 nm pulsed lights in turn, the change curve of
InCC is shown in Fig. 6(b). It can be found that when the SGCs are stimulated by the 453 nm light,
the InCC can be changed both times. When the test light is changed to 810 nm, no significant
change in the calcium concentration is found, even though the light intensity is as high as 562.1
mJ/cm2. The results indicate that the SGCs seem not easy to response to the test light of 810 nm,
300 µs.

Figure 7 further shows the statistical results of changes in calcium concentration of the 25
SGCs before and after light stimulation with different intensities. As shown in Fig. 7(a), as the
light intensity increases, the peak of calcium concentration appears a gradual upward trend when
the light intensity exceeds 5.3 mJ/cm2. But the ANOVA results from the baseline, the peak and
the peak increment of InCC shown in Fig. 7(b) and (c) suggest that this trend is not significant.

Fig. 7. The statistical results of changes of ∆Ca2+ (F340/F380) after laser stimulation. (a)
The boxplot of the peak of F340/F380 ratio of SGCs stimulated with lights (453 nm) with
four different light intensities. (b) The boxplot of the peak of F340/F380 ratio of SGCs under
453 nm lights with four different light intensities and the corresponding ratio in the resting
state (baseline). (c) The boxplot of the peak increments of F340/F380 ratio of SGCs under
the irradiation of 453 nm lights at different energy densities, that is, the difference between
peak and baseline. (d) The boxplot of F340/F380 ratio when stimulated by pulsed lasers
of 453 nm, 810 nm, and 453 nm in turn. The black dots are the actual distribution of the
fluorescence intensity ratios of the target cells (n= 25). Note: The one-way ANOVA results,
p< 0.001 (***), p< 0.01 (**), p< 0.05 (*), p> 0.05 (NS).

Figure 7(b) shows the distributions at the resting state and at the excited state by 453 nm light
with the red and blue box lines, respectively. And Fig. (c) shows that there was no significant
change in the peak increment of the fluorescence intensity ratio change (p> 0.05), indicating
that the peak increment of calcium concentration does not change with the increase of light
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intensity. The increase of the calcium concentration peak may be caused by the increase of the
InCC baselines. As a result, the peak increment of calcium concentration does not change with
the increase of light intensity.

Figure 7(d) illustrates the statistical results of the significant changes in the InCC of SGCs
caused by two 453 nm light stimulations in Fig. 6(b), showing p< 0.001 at the first time and
p< 0.05 for the second time, and that caused by 810 nm light, showing p> 0.05. It proves
from a statistical viewpoint that the 810 nm laser of 300 µs cannot induce changes of the Ca2+

concentration in the SGCs.

4. Discussion

4.1. Reliability of the developed photosensitivity measurement and analysis
method/system for cells

With the proposed method and system, we found that the InCC was not increased until the light
intensity exceeds a certain value, and the increased InCC gradually returns to baseline when the
pulse light is removed. At the same time, the induced increment of InCC by 453 nm light did not
change significantly within the range of light intensity from 5.3 to 107.1 mJ/cm2. This response
characteristic of yes or no is similar to that of nerve impulse. In addition, the irritation of test light
only lasts for 300 µs, while the intracellular high concentration of calcium can be maintained for
1-20 s. This inconsistency in response time, as well as the shielding effect of the optical filter,
can exclude the interference possibility from light leakage. Therefore, the experiment results and
detection methods used here are effective and reliable.

4.2. Quantitative measurement advantage for effective/minimum light parameters

Using the method we developed, unknown photoresponse and light regulation parameters on
target cells can be found. Table 1 shows many different optical parameters of stimulated lights
in vivo auditory nerve in reported research. And in this paper, another photoresponse band is
found for SGCs, either. The increase in InCC confirmed that the mono-pulse blue light (453 nm,
300 µs) could induce the signal transduction activity of natural SGCs, whereas the similar near
infrared light (810 nm, 300 µs) was difficult to induce. In other words, the natural SGC is
more sensitive to blue light on mono-pulse light modulation. We also found that blue light
repeatedly induced SGCs’ InCC activity over a wide range of light intensity (5.3-107.1 mJ/cm2),
which suggests that blue light stimulation had no significant damage to SGCs. Therefore, by
using quantitative contrast detection method, more photosensitive response characteristics and
more efficient photoregulation parameters of target cells can be found. Of course, whether the
increased InCC can further induce nerve impulses of natural SGCs, and whether the long-term
light stimulation is safe and effective still need to be further evaluated by in vivo light stimulation
experiments.

4.3. Further analysis on SGCs’ light-regulation mechanism

At present, most researchers believe that light-induced auditory nerve conduction mainly results
from photothermal effects [3,5,29], and studies have confirmed that SGCs and vestibular ganglion
cells have thermosensitive ions channel, TRPV4 [30,31]. But this photothermal mechanism
is hard to explain our findings in this paper, because we have systematically measured the
photothermal effect of multi-band pulse lights, and found the photothermal effect of blue light
(453 nm) was comparable to that of near-infrared light (810 nm) [32]. However, the increase of
the InCC occurs only in the irradiation of the blue pulse light, while the 810 nm light with the
similar photothermal effect fails to induce this change of InCC, as shown in Fig. 6(b).

We further measured the photomechanical pressure effect caused by the two pulsed lights
[33]. In the experiment, a thin-film pressure sensor was used to collect the pressure effect data
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Table 1. The Optical Stimulation Parameters in Auditory Nerves

Subject In vivo / vitro Wavelength Pulse width &
Frequency

Energy Density Reference

Cat and guinea pig
cochleae

In vivo 1850nm
1860nm

100 µs @ 100Hz 20 µJ/pulse (2018, Xu,
Yingyue et al.

[1])

Spiral ganglion neurons
in the guinea pigs of

cochlea

In vivo 980nm 20 µs - 500 µs @
-

10 to 102
mJ/cm2

(2017, Wang J.X.
et al. [21])

Spiral ganglion neurons
in the guinea pigs of

cochlea

In vivo 810nm 20 µs −300 µs @
11Hz

20.4 to
1.02× 103

mJ/cm2

(2016, Wang J.X.
et al. [22])

Basilar membrane of
guinea pigs

In vivo 532nm 10 ns @ 10Hz 0.6 to 23µJ/pulse (2009, Wenzel
G. I. et al. [28])

Cochlear spiral ganglion
cells of the gerbil

In vivo 1855nm 35 µs - 1 ms @
13Hz

5.29± 0.6
mJ/cm2

(2007, Agnella D.
Izzo et al. [7])

Cochlear spiral ganglion
cells of the gerbil

In vivo 2120nm 250 µs @ 2Hz 18± 3 mJ/cm2 (2006, Agnella
D. Izzo et al. [4])

(i.e. amplitude), meanwhile the pulse light with the similar optical energy density and same
pulse width (i.e. 56.6 mJ/cm2 and 300 µs), mean the pulse light with the similar optical energy.
The results are shown in Fig. 8. It was found that the corresponding pressure produced by the
mono-pulse light is significantly different, that is, the pressure produced by the pulse blue light is
nearly 5 times larger than that of the 810 nm light. Therefore, it is deduced that the combination
of the specific band (453 nm) and its photomechanical effect can be the main reason for this
results.

Fig. 8. The result of the mono-pulse photomechanical pressure with different wavelengths
at the same light parameters.
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It can be seen from above discussions, the proposed screening and detection method does not
depend on the type of cells or the bands of test light. It is applicative in the study of light-regulation
parameters of other cells in vitro. Furthermore, since the system can simultaneously detect a large
number of target cells, its detection throughput is higher and its operability is better, compared to
those of the electrophysiological techniques like patch clamp. In addition, photothermal effect
has the risk of biological thermal damage. As a result, in the study of photo-induced regulation
of neural activity, it is necessary to constrain the light intensity [34]. The different changes in
InCC in natural SGCs under the two times stimulus of 453 nm light in Fig. 6(b) may be related to
the thermal damage from too higher irradiation of 810 nm light in the intermediate stage. This
shows that quantitative detection and analysis on cell photosensitive response is very necessary.

5. Conclusion

In order to screen systematically whether target cells have a photosensitive effect and further to
detect the optimal effective and/or efficient regulation parameters, this paper proposes a system
and method to detect the real-time changes of InCC of target cells in vitro under the quantitative
irradiation of different test lights. The method uses adjustable parameter pulse lights and calcium
imaging to observe photosensitive responses of a large number of target cells. As presentation
target object, natural mice SGCs were experimented by the method. The results showed that the
blue pulse light (453 nm, 300 µs) causes obvious increase of InCC of the SGCs, while the same
parameter’s pulse light of 810 nm cannot effectively induce the evident increase of the InCC.
This study suggests a new and higher efficient candidate light of 453 nm for light-regulation of
natural SGCs, and at the same time, we detected its minimum effective stimulation energy for
single pulse width of 300 µs is 5.3 mJ/cm2. The detection study on natural SGCs in vitro proves
that the proposed method is useful for discovering the specific photosensitive effects of natural
cells and will promote the photoregulation technology development in biomedical engineering.
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